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Photoproduction of ω is analyzed within meson exchange model and
Regge model and compared to ρ photoproduction. An interplay between
two models and uncertainties in data reproduction are discussed.
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The vector meson photoproduction at small momentum transfers |t| or
|u| is traditionally discussed in terms of the Regge model. Recent CLAS
data on ρ photoproduction [1] at low |t| indicate that at low energies the
dominant contribution comes from f2 exchanges, while at high energies [2]
it is due to Pomeron exchange. ZEUS data [3] on ρ photoproduction require
an additional contribution from hard Pomeron exchange [2]. The φ photo-
production [4] even at low energies at small |t| is dominated by Pomeron
exchange because of the ss¯ structure of the φ-meson. At backward angles,
where |u| is small, the ρ-meson photoproduction is given by the exchange of
nucleon and ∆ Regge trajectories in the u channel. The backward φ-meson
photoproduction is due to the u-channel nucleon exchange.
While ρ and φ photoproduction were studied systematically, the ω pho-
toproduction has been analyzed very selectively. It was found [5, 6] that
Regge model calculation by ≃26% underestimate experimental data on to-
tal γ+p→ω+p cross section at Eγ≥20 GeV. This discrepancy is disturbing
since it is strongly believed that at high energies the Pomeron exchange
should be able to describe the ω photoproduction as well as available data
on ρ and φ photoproduction.
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Fig. 1. Figures a) and b) show total γ+p→ρ+p and γ+p→ω+p cross section
as a function of photon energy Eγ (lower axis) or invariant collision energy
√
s
(upper axis). The solid line in a) shows the meson exchange calculations. The
solid lines in c) indicate the Pomeron exchange calculations with cut-off parameter
µ0=1.1 GeV and coupling β0=2.35 GeV
−1, while the dashed lines are the results
for β0=2.0 GeV
−1. Figure b) shows the ratio of the total ω and ρ photoproduction
cross sections, the solid line is the ratio of ωγ to ργ couplings determined by their
e+e− decay widths, while the dashed line indicates the expected SU(3) ratio.
The Pomeron exchange amplitude TP for vector meson photoproduction
is explicitly given [2, 5] as
TP=3F1(t) 8
√
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where F1(t) is proton isoscalar EM form factor, eq and mq are the quark
charge and mass, while ε and εV are the polarization vectors of the photon
and vector meson, respectively and fγV is the coupling constant given by
V→l+l− decay width. Furthermore, s is the squared invariant collision
energy, αP=1.08 + 0.25t is the Pomeron trajectory, s0=4 GeV
2 and β0
determines the strength of the effective Pomeron coupling to the quark,
while µ0 accounts that the coupling to off-shell quark is not pointlike but
dressed with the form factor given by the last term of Eq.(1).
It is clear that within the Pomeron exchange model1 the ratio of γ+p→
ω+p to γ+p→ρ+p cross sections is driven by the ratio of f2γω/f2γρ cou-
pling constants squared, which are determined by relevant dileptonic decay
1 As well as for all models accounting for the γω and γρ couplings given by their
experimental dileptonic decay widths.
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widths. The experimental ratio given by V→e+e− decay is 0.088±0.005
and it is different from the SU(3) ratio given by 1/9.
Fig.1a) shows the total ρ and ω photoproduction cross sections, while
Fig.1b) illustrates the ratio R of the total γ+p→ω+p to γ+p→ρ+p cross
sections. Obviously at Eγ≥6 GeV experimental data are consistent with
R=1/9, but they are underestimated by 26% as compared with ratio given
by experimental V→e+e− decay width. This discrepancy can not be ad-
dressed to the finite ρ width correction [7] (factor ≃1.1) or to the standard
ρ vector dominance model correction [8] (≃1.25) and still remains an open
problem. One of the possible explanation is the ρ−ω mixing or ρN→ωN
transition due to final state interaction. In that case the photoproduced
ρ-mesons can be converted to detected ω-mesons, which might account for
an additional ≃26% for ω production rate.
Free parameters of Pomeron exchange are the Pomeron-quark coupling
β0 and form factor cut-off µ0. The coupling β0=2.0 GeV
−1 was deduced [2]
from pp scattering, while β0=2.35 GeV
−1 was obtained [9] from an analysis
of pip elastic scattering at high energies. The cut-off µ0 can be fitted to
photoproduction data. The calculations by the Pomeron exchange model
with experimental values β0=2.0 GeV
−1 and µ0=1.1 GeV [2] are shown by
the dashed lines in Fig.1c) and substantially underestimate experimental
data both for ρ and ω photoproduction. Here we used the γω and γρ
couplings from SU(3). The solid line show our results obtained with the
coupling constant β0=2.35 GeV
−1. Data can be as well fixed by adjusting
the cut-off parameter µ0=2.5 GeV, as is illustrated by Fig.2a)-d). Here
the data on differential γp→ωp cross section are compared to calculations.
Obviously, the data can be well reproduced by varying both β0 and µ0
and for this reason it is impossible to fix the Pomeron-quark coupling by
photoproduction data alone.
Moreover, Fig.1b) indicates strong differences between ρ and ω photo-
production at Eγ≤6 GeV. Substantial enhancement of ω photoproduction
at Eγ≤6 GeV comes from the strong pion exchange contribution because the
ratio of ωγpi to ργpi coupling constants squared accounts for ≃5.8. The solid
lines in Fig.1a) and Fig.2e) show the calculation [6] with meson exchange
model, which as well includes pi, η, σ and N exchanges. Our calculations
well reproduce the data at Eγ≤5 GeV and indicate that this energy range
can be entirely addressed by the standard meson exchange approach. Ap-
parently, low energy data can be well fitted by Regge model with inclusion
of pi and f2 exchanges as is shown by the dashed line in Fig.2e).
Finally, the data on ω photoproduction at high energies can be well
reproduced by Regge model when readjusting the Pomeron exchange am-
plitude parameters. However within the same set of parameters and with ex-
perimental γω and γρ couplings it is not possible to describe simultaneously
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Fig. 2. Figures a)-d) show differential γ+p→ω+p cross section as a function of
four momentum transfer squared at different photon energies. The lines show the
calculations by Pomeron exchange with parameters: β0=2.0 GeV
−1, µ0=1.1 GeV
-dotted, β0=2.35 GeV
−1, µ0=1.1 GeV -dashed and β0=2.0 GeV
−1, µ0=2.5 GeV
-solid. Figure e) shows the energy dependence of the total ω photoproduction cross
section. Solid line is the meson exchange calculation, while the dashed line shows
the Regge model result obtained with pi, f2 and soft and hard Pomeron exchanges.
ω and ρ photoproduction data. Data on ω photoproduction at Eγ≤5 GeV
indicate a substantial contribution from meson exchange reactions and can
be well reproduced by calculations with pi, η, σ and N exchanges [6].
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